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Abstract 
For the first time, time-dependent fine structure of a huge magnetic flux avalanches, ĭ(t), going out from good 
crystalline quality superconducting disc as a result of thermomagnetic avalanche, was observed. It is shown that some 
of thermomagnetic avalanches consist of a large number of very short (~10 μs) microavalanches and that each of the 
microavalanche has its own structure. The role of microstructure of pinning centers is discussed assuming that 
microavalanches are connected with jumps of flux bundles. Methodically, it may be a new facility for pinning centers 
investigation. The role of cubic-to-tetragonal transformation of a crystal structure of the investigated sample in 
appearance of pinning centers is considered. 
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1. Introduction 
It is well known that the magnetic flux may enter or leave a bulk sample of hard type II superconductor 
during a slow sweep of external magnetic field by means of the jumps of the flux bundles [1-5]. The 
amount of the magnetic flux connected with each bundle is determined by the size of pinning centers of 
materials. There are a lot of papers where the size and duration distribution of such small flux jumps were 
investigated [6]. In present work we reveal fine structure of giant flux jumps caused by thermomagnetic 
avalanches and made an attempt of its analysis. Fine structure of thermomagnetic avalanches, 
methodically, may be a new facility for pinning centers investigation and improved instrumentation of 
control of the microstructure of bulk samples. The development of high critical current density, jc, for high 
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energy physics applications requires fully characterized and quantified microstructures in superconductors 
[7]. 
2. Experiment
The dynamics of the flux jumps in the V3Si disk-shape single crystalline conventional superconductor 
was studied in the Cryogenics 12 tesla magnet system with variable temperature insert. A pick-up coil 
consisted of 6 turns of copper wire was wound around the disc (diameter 8.5 mm, thickness 0.85 mm) and 
connected to data acquisition board (DAQ) in the computer. If some magnetic flux ĭ(t) enters the coil, a 
voltage pulse U (t) is induced on the pick up coil. We registered time dependence of the coil voltage 
U(t)~dĭ/dt during the following flux jumps with the time resolution to within ~10-7 s. The area under the 
U(t)-curve can be converted directly into the value of magnetic flux.  Additionally, we used two miniature 
Hall probes to register the magnetic field dependence of magnetic properties of the investigated sample. 
One of the probes was put on the surface of the investigated sample in the center of the disc and registered 
the local magnetic field P0Hloc surf. The second probe measured the external magnetic field P0Hext. The disk 
magnetization M was obtained as the differential signal from the two probes P0M = Bloc surf - Bext, following 
Ref. [8]. The rate of the external magnetic field sweep was approximately 0.5 T/min. The disc was cut out 
of a bulk single crystal, and then the defect layer was etched and polished electrochemically. The sample 
has the crystallographic orientation (111) parallel to the normal of the disc surface. The external magnetic 
field was directed perpendicularly to the disk surface. The critical temperature determined by an inductive 
method was 16.8 K and the width of the superconducting transition was about 0.27 K. The results of 
magnetostriction measurements on the disc and critical current data were presented in Ref. [9]. 
3. Results
The main frame in Fig. 1 presents a typical hysteresis loop M(H) taken at 4.2 K. The thermomagnetic 
avalanches manifest themselves as the jumps of surface self-field. Flux jumps denoted in Fig. 1 as “jump 
1” and “jump 2” correspond to the flux entrance and to the flux exit, respectively.  The inserts in Fig. 1 
show dynamics of these two jumps. Jump 2 has a fine structure. It consists of a large number of very short 
(~10 μs) microavalanches. The detailed picture of jump 2 is given in the main frame in Fig 2. The upper 
insert presents the fine structure of microavalanches. A striking feature of the pick up coil signal is that it is 
not smooth at all. Instead, it consists of a succession of very sharp peaks associated with a small amount of 
flux (flux bundles) outgoing from the pinning centers of a superconductor. The quantity of peaks decreases 
at Ɍ=5 Ʉ (Fig.3).  
A solitary impulse of voltage is presented in 
Fig 4. Here, one should pay attention to the 
initial inductive jump and ignore the subsequent 
oscillations caused by a response of resonance 
system consisting of the measurement coil and 
interturn capacitance. The initial jump is caused 
by the jump of the flux bundle, ǻĭfb, from 
solitary center of pinning. The area under the 
curve (shaded area in Fig.4) was converted 
directly into the number of vortices in the 
bundle. As seen in Fig. 4, the initial and final 
levels of voltage do not coincide. This 
discrepancy can be related to the fact that the 
exit of a flux from a pinning center breaks the 
equilibrium of flux distribution of its 
environment. In other words, the shedding of 
vortices provokes additional smooth outgoing of 
a flux from neighbor areas of this pinning 
 
Fig.1. Main frame: M(H) hysteresis loop taken at 4.2K; 
insert frames: time dependence of the voltage per one turn of 
the coil, registered during the flux jump. 
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center. There are hundreds of such solitary impulses during jump 2. It is also quite evident that there is a 
very wide distribution of impulse sizes and of life times. The preliminary analysis of the fine structure at 
4.2 K allowed us to define that each bundle consists of about ') ~ (103 ÷ 106))0 vortices and that the 
duration of each microavalanche is between 5 μs and 50 μs.  
 
 
 
Fig.2. Main frame: detailed structure of jump 2.The upper 
insert presents the fine structure of microavalanches 
Fig.3. Fine structure of the flux jump at 5 K. 
 
Unfortunately, we could not evaluate the size of a pinning center. The answer to the question, what are 
these centers, is ambiguous too. Extremely narrow width of the superconducting transition reflects high 
perfection of the sample, i.e. the absence of usual scale defects within the crystal near the superconducting 
transition. The succeeding lowering-increasing of the temperature may result in the reversible deformation 
of the material crystal structure. It is known [10], that V3Si (the Ⱥ15 structure) demonstrates the cubic-to-
tetragonal structural transformation at Tm=20.5 K. Below this temperature, the remainders of cubic phase 
are observed in the crystal on the background of tetragonal structure of the crystal (structural domains). 
One also observes large tetragonal distortions ((ɫ/a - 1) ~+2,5*10-3) progressively increasing at the lowest 
temperatures. We can suggest that these structural domains may be the centers of flux pinning. We should 
note that vanadium silicide has an anisotropy of electron characteristics. Such characteristics were 
registered at the same single crystal by the measurements of paramagnetic susceptibility and direct precise 
X-ray measurements of valence electron density. These inhomogeneities, however, are probably inessential 
for the pinning system of a superconductor.  
The increase of the external magnetic field 
results in the rise of the pressure on the crystal 
structure of a superconductor and may stimulate 
local phase transitions in domains with the cubic 
phase. Such a process can contribute to 
thermomagnetic mechanism of instability 
origination determined by simultaneous evolution 
of magnetic flux and sample deformation 
stimulating one another.  It is necessary to mention 
one more dynamic process possible in the material 
structure during the avalanche magnetic flux jump. 
It was shown that in the case of our superconductor 
thermomagnetic avalanches are accompanied by 
giant jumps of the magnetostriction [9]. If the flux 
enters the sample during the avalanche (jump 1, 
Fig.1), the size of the sample is increased. If the 
 
Fig.4. Solitary impulse at microavalanche; T=4.2 K.  
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flux exits the sample, the sample is compressed (jump 2). Inhomogeneous dynamic deformation of the 
superconductor may result in local structural dynamical transformations within the sample. The existing 
distribution of pinned flux will be changed both at the very pinning center and in its environment. 
4. Conclusions 
x Fine structure of a huge magnetic flux avalanche going out from the V3Si good quality crystalline 
superconducting disc was observed. 
x This fine structure is connected with a inhomogeneous distribution of the pinning in the crystal. The role 
of the microstructure of the pinning centers was discussed assuming that the microavalanches are 
connected with the jumps of the flux bundles.  
x We have found that each bundle consists of about ') ~ (103 – 106))0 vortices and that the duration of 
each microavalanche is between 5 μs and 50 μs. 
x We presume that the inhomogeneous distribution of the pinning in the crystal can be induced by a 
structural (cubic to tetragonal) phase transition, which occurs at about 20 K in this material. 
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